Mutants of Streptococcus sanguis resistant to novobiocin (NovR-mutants) were isolated after mutagenesis of strain Challis with ethyl methanesulphonate. The resistance phenotype was transferred by DNA-mediated transformation back into the parent strain at high frequency suggesting resistance was due to mutation(s) in a single gene or in closely-linked genes. Cells of NovR-mutants had normal morphology and secreted similar proteins to the wild-type strain. However, mutant cultures had slower growth rates, the mutant cells had reduced hydrophobicity, and they showed a reduced degree of coaggregation with Actinomyces viscosus and Actinomyces naeslundii. Cell envelopes prepared from NovR-mutants differed from wildtype cell envelopes in that they (a) were impaired in ability to coaggregate with A. viscosus cells, and (b) had altered protein composition as detected by SDS-PAGE. The results suggest that hydrophobic proteins in the cell envelope of S. sanguis may be necessary for coaggregation of this bacterium with actinomycetes.
INTRODUCTION
Streptococcus sanguis is a major component of human dental plaque and adherence properties of the cells are believed to be important both in the initial colonization of the tooth surface by the organism and in their specific associations with other oral bacteria in plaque. Attachment of S. sanguis cells to the tooth surface may be influenced by the presence of salivary pellicle, and Murray et al. (1982) have identified a protein (lectin) on S. sanguis that has affinity for salivary components. Cell surface proteins are also involved in adherence of S. sanguis to saliva-coated hydroxylapatite (SHA) (Liljemark & Bloomquist, 1981; Oakley et al., 1985) and there are probably at least two different affinity binding sites involved (Morris & McBride, 1984) . Although there is good evidence that cell binding to SHA is stabilized, if not promoted by, hydrophobic interactions (Nesbitt et af., Gibbons et al., 1983a) , the precise nature of the molecules and forces involved in adherence of S. sanguis are not known.
S. sanguis, as well as being able to attach to the tooth surface, also participates in coaggregation reactions with Actinomyces viscosus and Actinomyces naeslundii (Gibbons & Nygaard, 1970; Cisar et al., 1979) and in 'corncob' formation, a special type of coaggregation, with Fusobacterium nucleatum (Lancy et a[., 1983) and Bacterionema matruchotii. These coaggregations may involve both lectin-carbohydrate interactions (Kolenbrander & Williams, 198 1 ; McIntire et al., 1978) and other non-lectin interactions possibly involving lipoteichoic acid (DiRienzo et al., 1985) .
In view of the evidence suggesting that hydrophobic interactions are important in attachment of micro-organisms to surfaces in the oral cavity (see review by Gibbons, 1984) , we are attempting to identify hydrophobic surface components of S. sanguis. One approach is to isolate mutants of S. sanguis that are reduced in hydrophobicity and then to determine if surface 
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component(s) are altered in the mutants. Isolation of one class of such mutants has been achieved by a variation on experiments that had been done with Gram-negative bacteria that are normally highly resistant to many hydrophobic antibiotics. Mutants of Salmonella spp. that are defective in outer membrane permeability have increased sensitivity to hydrophobic agents such as novobiocin, erythromycin, and detergents (Roantree et ul., 1977; Sukupolvi et al., 1984) . It was possible therefore that mutant cells of S. sanguis with altered cell surface and reduced hydrophobicity could be enriched or selected for by virtue of their increased resistance to hydrophobic antibiotics. This paper describes the isolation and characterization of mutants of S. sunguis that are resistant to novobiocin and that also have defective adherence properties.
METHODS
Bacterial strains and growth media. S. sanguis strain OB11, a transformable Challis strain, was provided by Dr F. L. Macrina, Virginia Commonwealth University, Va., USA, and was used throughout this work. A. viscosus strain T14V and A. naeslundii strain W 1544 were gifts from Dr J. 0. Cisar, National Institute of Dental Research, Bethesda, Md., USA. Bacteria were cultured on BHYN agar containing (1-l): brain heart infusion broth (Difco) 37 g; yeast extract, 5 g; neopeptone (Difco), 5 g; and agar, 15 g. Plates were incubated at 37 "C in a Gas-Pak (BBL) system for 24-36 h. Liquid cultures were grown at 37 "C without shaking in screw-capped bottles or tubes in BHY medium (brain heart infusion broth, 37 g 1-l; yeast extract, 5 g 1-l). For coaggregation tests, streptococci were grown in a defined medium containing salts, amino acids, vitamins, and glucose (Jenkinson, 1986) .
Mutagenesis. Ethyl methanesulphonate (EMS; Sigma; 0.2 ml) was added to an exponential phase culture of S. sanguis (OD600 0.3; 6 x lo8 c.f.u. ml-l) in BHY medium (10 ml), the suspension was vortex-mixed to dissolve the EMS and incubated for 1 h at 37 "C. The cells were harvested by centrifugation (6000g, 10 min, 20 "C), the mutagen in the supernatant was inactivated by adding sodium thiosulphate (5%, w/v, final concn), and the cells were suspended in BHY (3 ml). The EMS treatment resulted in approximately 1 % survival as assessed from viable counts estimated before and after incubation with the mutagen. The mutagenized cells were sonicated briefly to break chains (3 x 5 s, 50 W, Dawe Instruments Soniprobe), pelleted by centrifugation (6OOO g, 10 min, 20 "C) and washed twice by suspension in BHY medium (10 ml, 37 "C). The final pellet of cells was suspended in BHY medium (1.0 ml) apportioned into ten tubes each containing pre-warmed BHY medium (10 ml), and cultures were incubated for 2 h at 37 "C. Portions (0.1 ml) from each culture were then spread on to BHYN agar plates containing novobiocin (10 pg ml-l), and these were incubated anaerobically for 3 d at 37 "C.
Preparation of chromosomal DNA. An overnight culture of S. sanguis in BHY medium (50 ml) was added to fresh warm BHY medium (1 1) and incubated at 37 "C to an OD600 of 0.3. Solid glycine (30 g) was added, dissolved by gently agitating the culture and incubation was continued for 1 h. Cells were harvested by centrifugation (6000 g, 10 min, 4 "C), suspended in distilled water at 4 "C and centrifuged as before. The DNA was isolated from the cells essentially as described by Tobian & Macrina (1982) as follows: the cell pellet was suspended in 50 mM-Tris/HCl, pH 8.5, containing 25% (w/v) glucose (6.0 ml), lysozyme [6 ml of a 10 mg ml-l solution in TES buffer (50 mMTris/HCl, 1 rnwNa,EDTA, 0.15 M-NaCI, pH 7.5)] was added and the suspension was incubated for 1 h at 37 "C. The cells were cooled on ice, 0.1 wNa,EDTA, pH 8-5 (2 ml) was added, the suspension was mixed, and then left on ice for 5 min. Hot (60 "C) 20 % (w/v) SDS (4.0 ml) was then added gradually with gentle mixing, the suspension was incubated for 30 s at 60 "C, cooled on ice and then heated again at 60 "C for 3 min to promote complete lysis. The lysate was mixed with an equal volume of chloroform/isoamyl alcohol (24 : 1, v/v) to form an emulsion, centrifuged (8000 g, 10 min, 4 "C) to separate the layers, and the upper aqueous phase was removed with a widebore pipette. The DNA was precipitated by adding 2 vols 95% (v/v) ethanol, spooled on to a glass rod and dissolved in TES buffer (10 ml). The suspension was then treated with RNAase I(50 pg ml-l, 30 min, 37 "C), selfdigested pronase (100 pg ml-l, 30 min, 37 "C), and deproteinized by two further chloroform/isoamyl alcohol treatments. The DNA was purified by repeated ethanol precipitations (Marmur, 1961) and finally dissolved in TE buffer (10 mM-Tris/HCI, 1 mwNa2EDTA, pH 7-5) at a concentration of approximately 1 mg ml-* as estimated from the OD260.
Transformation. Cells were genetically transformed by a modification of the method of Perry (1968) . A portion (0.1 ml) of an overnight culture of S. sanguis in BHY medium was added to pre-warmed transformation medium (1.8 ml of BHY broth containing 1 %, v/v, heat-inactivated foetal calf serum and 50 pg Na2C0, ml-l) and incubated for 30 min at 37 "C. To the suspension was added DNA (up to 0.05 ml) and after 2 h incubation at 37 "C portions suitably diluted were plated on to selective medium. Frequencies of transformation to novobiocin or streptomycin resistance obtained were about lo6 c.f.u. (pg DNA)-'.
Preparation of cell and culturefractions. Cell-surface proteins were removed from whole cells by incubating cells with 1 % (w/v) sodium lauroyl sarcosinate (SLS) as described by Jenkinson (1986 Adherence-defective mutants of S. sanguis 191 1 (Jenkinson, 1986) . Cell envelopes from S . sanguis were prepared by breaking the cells with glass beads in a Braun homogenizer, subjecting the suspension to several low speed centrifugations to remove debris, and then recovering the envelopes as a pellet after centrifugation at 100OOOg at 4 "C for 90 min (Jenkinson, 1986) . When the envelopes were to be used for coaggregation tests they were suspended in coaggregation buffer (see below) and sonicated briefly (2 s, 50 W) to disperse them. Otherwise proteins were extracted from the envelope pellet with 10 mMTris/HCl, pH 6.8, containing 1 % (w/v) SDS and 0.1 % (v/v) 2-mercaptoethanol at 100 "C for 10 min. The suspension was centrifuged (SOOOg, 5 min, 20 "C), the supernatant was mixed with one-tenth vol. bromophenol blue (0.01%) in 70% (v/v) glycerol and subjected to SDS-PAGE as described below.
SDS-PAGE and immunodetecrwn. Samples were electrophoresed through acrylamide gels containing 0.1 % SDS using the system of Laemmli & Favre (1973) . Gels were stained with silver by the method of Merril er al. (1981) , or with Coomassie blue, destained, and autoradiographed as described by Jenkinson et al. (1981) . Molecular masses of proteins were estimated from their distances of migration by reference to a plot relating migration distances for six marker proteins to log molecular mass. The markers were bovine serum albumin (BSA) (66 kDa), chicken egg albumin (45 kDa), glyceraldehyde-3-phosphate dehydrogenase (36 kDa), carbonic anhydrase (29 kDa ] using lactoperoxidase (EC 1.11.1.7; Sigma) as described by Jenkinson (1986) .
Cell hydrophobicity. Washed exponential phase cells were suspended to an OD600 of approximately 0-6 (1 x lo9 c.f.u. ml-I) in 10 ~M -N~H , P O , / N~O H buffer, pH 7-0 (1-2 ml) and vortex-mixed with various amounts of hexadecane for 2 min. After phase separation (30 min standing), the decrease in ODdso of the aqueous phase was used as a measure of the cell surface hydrophobicity (Rosenberg et al., 1980) . The aqueous and organic phases were found to separate better using the above buffer in place of the PUM buffer used initially by Rosenberg et al. (1980) . Adherence to polystyrene. Cultures (0.2 ml) were grown anaerobically in BHY broth in flat-bottom microwells for 24 h at 37 "C. The liquid was aspirated, the wells were washed four times with PBS (0.1 M-KH,PO,/KOH, pH 7.5, containing 0.1 5 M-NaCl), and the adhered cells were stained with 1 % (w/v) gentian violet (1 min). The wells were rinsed four times with water and the degree of adherence was assessed visually on a scale of 3 + (confluent stain) to -(no stain).
Coaggregation assay. S. sanguis was grown in defined medium with glucose to an ODbo0 of 1.2, the cells were collected by centrifugation (6OOOg, 10 min, 4 "C) and washed three times with coaggregation buffer (1 mMTris/HCl, 0.1 m~-MgCl,, 0.1 rn~-CaCl,, 0.15 M-NaCl, pH 8.0) (Cisar er al., 1979) . Actinomycetes were grown in BHY medium and cells were prepared for coaggregation tests in an identical manner to that described above. Actinomycete cell suspension (1 ml; 1 x lo9 c.f.u. ml-I) was vortex-mixed for 10s with up to 0-2 ml of streptococcal cell suspension or suspension of cell envelopes, in a final volume of 1.2 ml. Controls of actinomycete cell or streptococcal cell or envelope suspensions alone (final vol. 1.2 ml) were included in every assay. The suspensions were allowed to stand at room temperature for 10 min, centrifuged briefly (log, 10 s) to settle the clumps, and the OD600 values of the supernatants were measured. The degree of coaggregation was expressed as a percentage based on the optical density values of the unsedimented cell suspensions before and after mixing them, and given by the formula
where Ss refers to S . sanguis alone, Av refers to A. uiscosus alone, and s refers to the mixture. The maximum value for the degree of coaggregation obtained by this method was about 90% under optimum conditions.
Dererminurion of carbohydrate and protein. Total cell carbohydrate was determined by the phenol/sulphuric acid method of Dubois er al. (1956) with Dglucose as standard. Protein concentration was measured by the Lowry method with BSA as standard.
RESULTS

Isolation of novobiocin-resistant mutants
Cells of S. sanguis strain OB11 (Challis) were mutagenized with EMS as described in Methods and were plated on BHYN agar containing novobiocin (10 pg ml-l). From approximately 4 x lo9 c.f.u. plated out, twenty colonies appeared and these were subcultured on novobiocincontaining BHYN agar. Six strains (designated OB50 to OBS5) were selected for further study; each originated from a separate culture (see Methods). Exponential phase cells (1 ml, 1.5 x lo9 c.f.u. ml-l) in BHY medium were inoculated into tubes containing pre-warmed BHY medium (9 ml) and various concentrations of novobiocin. The OD6,0 values were measured before and after incubation of the cultures for 24 h at 37 "C, and were used to calculate cell dry wts from a plot relating OD600 to cell dry wt (mg ml-I).
Growth yield (mg dry wt ml-I) The lowest concentration of novobiocin required to prevent the growth of the wild-type strain OBI 1 in BHY medium was 1 pg ml-l (Table 1 ). The mutant strains were each tested for growth in BHY broth containing various concentrations of novobiocin. The lowest concentration of novobiocin required to prevent the growth of the mutant strain OB50 was 50 pg ml-l ( Table 1) ; values were similar for all the other mutants. However, the inclusion of 5 pg novobiocin ml-l reduced the growth yield of cells of OB50 after 24 h to 0.59mgml-l compared with 0.72 mg ml-l after 24 h growth in BHY broth in the absence of novobiocin.
To try to rule out the possibility that novobiocin-resistance of the mutants was the result of multiple distant mutations, and also to ensure that the effect of mutation was tested in the wildtype genetic background, DNA was prepared from each mutant and used at a concentration of 1 pg ml-l to transform strain OBll to novobiocin-resistance. A single novobiocin-resistant (NovR) transformant colony was purified in each case and tested for resistance to various concentrations of novobiocin in BHY broth. The derivatives of the mutants designated OB50.1 to OB55.1 all showed inhibition responses like that in Table 1 and consequently were used throughout the rest of the work.
Eflect of novobiocin on growth rate of wild-type and mutant strains
Exponential phase cultures (OD600 = 0.30) of wild-type or mutant strains in BHY at 37 "C were each divided into two portions: to one was added novobiocin (5 pg ml-l final concn) and the other was left as a control. The optical density of each culture was measured at intervals over a period of 6 h. The NovR mutants grew more slowly in BHY medium (doubling times 100-120 min) than the wild-type strain (doubling time 55-65 min), and they had reduced growth yields after 24 h incubation at 37 "C (about 80% of that of the wild-type strain; results not shown). When novobiocin (5 pg ml-l final concn) was added to a culture of the wild-type strain, the growth of culture was arrested within 60 min (Fig. 1) ; when a similar concentration was added to cultures of the NovR strains, growth was slowed but not arrested (Fig. 1) . The effect of novobiocin on the growth of only one of the NovR mutants (OBSO. 1) is shown in Fig. 1 , but the others all behaved in a similar fashion.
Resistance properties of NovR mutants to other antibiotics
Novobiocin and coumermycin A have been shown to act directly on the B subunit of the enzyme DNA gyrase in Escherichia coli (Gellert et al., 1976) , inhibiting DNA supercoiling. It was of interest to determine, therefore, if the NovR mutants of S. sanguis were also resistant to coumermycin A. Accordingly, exponential phase cells of the wild-type strain OBI 1, and of the NovR strains, were inoculated into BHY medium containing various concentrations of coumermycin A (Sigma), and the increase in growth after 24 h was determined by measuring optical density. Coumermycin (2 pg ml-*) completely inhibited the growth of the wild-type strain OB11, but at this concentration it did not affect the growth of the mutants at all (results not shown). The NovR mutants were also tested in a similar way for growth in the presence of nalidixic acid, which is another inhibitor of DNA gyrase but which, instead, acts in E. coli on the A subunit (Higgins et al., 1978) . A considerably higher concentration of nalidixic acid (100 pg ml-l) than that of novobiocin was required to inhibit completely the growth of the wild-type S. sanguis strain, and the growth of the NovR mutants was similarly inhibited (results not shown).
It was possible that the NovR mutants were more generally resistant to hydrophobic antibiotics than the wild-type strain and so their resistances to fusidic acid, rifampicin and erythromycin were tested; like novobiocin, these are all hydrophobic molecules. While the mutants were found to be as sensitive to fusidic acid and rifampicin as the wild-type strain, they did show a low level resistance to erythromycin. The growth of the wild-type strain, but not of the mutants, was inhibited by 0.2 pg erythromycin ml-l; increasing the concentration to 0.5 pg ml-l, however, inhibited growth of the NovR mutants (results not shown). Since these experiments and subsequent ones (see below) did not allow any apparent phenotypic distinction to be made between the six NovR strains, the properties of strain OB50.1 were taken as being represen tat i ve.
Morphological and biochemical characteristics of the mutants
After 48 h growth at 37 "C, colonies of the NovR mutants on BHYN agar were smaller in size (1 mm diameter) than those of the wild-type strain (2-3 mm diameter). Apart from this, the colony morphology of the mutants was indistinguishable from that of the wild-type strain both on BHYN agar and on Mitis-Salivarius agar (Difco). Phase-contrast microscopy did not reveal any differences in cell morphology between the NovR and wild-type strains, and the NovR mutants did not grow in longer or shorter chains (mean chain length of cells was four). Electron microscopy of thin sections and of negatively stained cells both of wild-type and mutants revealed no obvious differences. In addition, no differences could be detected between wild-type and mutant strains in (1) cell carbohydrate content (measured as an indication of polysaccharide production); (2) SDS-PAGE pattern of proteins extracted from the cell-surface with sodium lauroyl sarcosinate (results not shown); (3) autoradiographic pattern of proteins extracted with SLS from surface-iodinated cells (results not shown); (4) SDS-PAGE profile of extracellular proteins from culture fluid (Fig. 2) ; (5) competence for transformation to streptomycin resistance with DNA prepared from a streptomycin-resistant derivative of strain OB11. 
Cell envelope proteins
Cell envelopes were prepared from mutant and wild-type strains as described in Methods and were analysed for protein composition by SDS-PAGE. The envelopes contained a complex mixture of proteins and on 13 % (w/v) acrylamide gels the wild-type and mutant envelope protein profiles appeared identical except in the region of molecular mass 60 kDa. To resolve better the range of proteins at this molecular mass, mutant and wild-type cell envelope extracts were subjected to SDS-PAGE in 7% (w/v) acrylamide. Fig. 2 shows that envelopes of NovR mutant strain OB50.1 had some differences in protein composition, the clearest being a reduction in amount of a polypeptide of approximate molecular mass 55 kDa. This protein did not appear to migrate with any of the proteins normally released into the culture fluid during growth (see Fig.  2 ), did not react on Western blots with antibodies raised to culture supernatant protein (results not shown) and did not appear surface-labelled when cells were incubated with ltsI and lactoperoxidase (results not shown). The cell envelope preparations from wild-type and mutant strains were also analysed for sugar content, after acid hydrolysis, by thin-layer chromatography. The major monosaccharide components were glucose and rhamnose and there was no apparent difference between mutant and wild-type strains. The envelopes of both strains were equally susceptible to hydrolysis by mutanolysin as measured by the decrease in ODs40 at 37 "C over several hours (results not shown).
Hydrophobicity and adherence to polystyrene
When hexadecane is mixed with an aqueous suspension of cells of S. sanguis strain OB11 the cells exhibit an affinity for the hexadecane phase (Jenkinson, 1986) . The extent of adsorption to the organic phase is a function of the amount of hexadecane added (see Fig. 3 ) and for strain Vol. of hexadecane @I) OBll (wild-type) reached a maximum at 0.16 ml hexadecane. Cells of the NovK strain OB50.1 had much reduced affinity for the organic phase and when mixed with 0.16 ml hexadecane, only 15% adsorbed to the organic phase compared with 80% of the wild-type cells (Fig. 3) . These results indicated that cells of the NovR mutant were less hydrophobic than the wild-type cells.
The hydrophobic nature of a bacterial surface is important for the adherence of bacteria to non-wettable plastic surfaces (Gerson & Scheer, 1980) . The abilities of the wild-type and NovR strains to adhere to polystyrene were tested by growing cultures for 16 h at 37 "C in BHY in microtitre wells, washing the wells to remove unbound cells and then staining bound cells with gentian violet. Cells of the wild-type strain attached to form a confluent layer that stained strongly over the base of the well, while cells of the NovR mutant strains failed to adhere significantly and the wells were not stained (results not shown).
Coaggregation with actinomycetes
Cells of S . sanguis Challis (Strain OBI 1) coaggregate with cells of A . viscosus strain T14V or A . naeslundii W 1544 (Cisar et al., 1979; Jenkinson, 1986) . In assays containing l O9 actinomycete cells ml-l the degree of coaggregation with streptococcal cells was a function of the S. sanguis cell concentration. Maximum coaggregation (expressed as 90% in terms of the assay, see Methods) was obtained with 5 x lo8 cells S. sanguis ml-l for the wild-type strain (Fig. 4a) . Cells of the NovR mutant strain were impaired in ability to coaggregate with A. viscosus and the maximum extent of coaggregation obtained was 60% (Fig. 4a) . The NovR mutants also had reduced ability to coaggregate with A. naeslundii cells compared with the wild-type cells (results not shown).
To determine if the actinomycete-coaggregating activity was a component of a cell envelope fraction prepared from streptococci, envelope fractions of mutant and wild-type strains were prepared as described in Methods and substituted for streptococcal cells in the coaggregation assay. Cell envelopes of the wild-type strain of S. sanguis effectively coaggregated the actinomycete cells, but the maximum coaggregation value obtained was reduced (Fig. 4b) . Cell envelopes prepared from the NovR mutant strain OB50.1 had considerably reduced coaggregating activity (Fig. 46) . When cell envelopes (0.8 mg protein ml-l) of the wild-type strain were treated with trypsin (10 pg ml-l), at 20 "C for 12 h their coaggregating activity was abolished (results not shown above compounds, and to several other sugars. Coaggregation was not inhibited by glucose, rhamnose or N-acetyl-D-glucosamine, and coaggregations both of mutant and wild-type strains were equally inhibited by galactose, lactose and raffinose (maximum inhibition at 0.1 M), glucosamine (maximum inhibition at 0.2 M), and by NazEDTA (0.2 mM).
DISCUSSION
The rationale for isolating mutants of S. sanguis resistant to novobiocin was that they may have altered cell surface properties making them generally less susceptible to the antimicrobial effects of various hydrophobic compounds. However, the NovR mutants isolated and described in this paper were found not to be resistant to the effects of other hydrophobic antibiotics, except for possibly possessing some low-level resistance to erythromycin. Novobiocin resistance was transformed into the wild-type strain at high frequency suggesting the mutation(s) conferring resistance was/were confined to a single gene, or in closely-linked genes. The mutants were altered in adherence properties: they failed to bind to polystyrene and were defective in coaggregation with A. viscosus and A . naeslundii. In addition, the mutant cells were less hydrophobic than the wild-type cells, and there were some differences in protein composition of the cell envelopes in the mutants, in particular a reduction in amount of a polypeptide of approximate molecular mass 55 kDa. The fact that these are all cell-surface related phenomena strongly suggests that the resistance of the mutants to novobiocin and coumermycin is due to an alteration in permeability of the cells to the antibiotics. Nevertheless, the possibility that the mutants have altered DNA gyrase, or that they modify the antibiotics, although seemingly unlikely, cannot be ruled out.
Cell surface proteins of S. sanguis can be removed by incubating cells with SLS (Jenkinson, 1986) . A number of these proteins are not apparent in extracts of cell envelopes prepared from mechanically broken cells since they are solubilized during preparation of the envelopes. One component of the SLS extract, a protein of molecular mass 16 kDa, was identified as being hydrophobic (Jenkinson, 1986) , and it was suggested that this polypeptide may confer hydrophobic properties to the cell surface. The SDS-PAGE profiles of proteins extracted with SLS from cells of the NovR mutants were identical to the profile obtained on SDS-PAGE of wild-type cell extracts; in particular the amount of 16 kDa protein present in the mutants was unaltered. The reduced hydrophobicity of the NovR mutant cells can therefore not be explained by a lack of the 16 kDa protein, and it is possible that components in addition to this protein might normally confer hydrophobic properties and that these are altered in the mutants. The NovR mutants secreted proteins into the culture fluid identical to those secreted by the wild-type strain. In contrast, a hydrophilic variant of S . sanguis strain 12 isolated by McBride et al. (1985) released a number of unusual proteins into the culture fluid compared with the parent hydrophobic strain. The molecular basis for the reduced hydrophobicity of the NovR mutant cells is not clear but the evidence presented suggests that it is likely to be related to alterations in proteins present in the cell envelope fraction (Fig. 2) .
Cisar et al. (1979) showed that a heat-sensitive and protease-sensitive component of the cell surface of S. sanguis DLl (Challis) was necessary for coaggregation of cells with A. viscosus T14V. Trypsin treatment of strain OB11 (Challis) cell envelopes abolished their coaggregating activity with A. viscosus further suggesting that one or more proteins present in the cell envelope is/are necessary for coaggregation. The coaggregation reaction between A viscosus and S. sanguis followed a typical adsorption curve (Fig. 4) , and the S. sanguis wild-type strain saturated A. viscosus at a cell input of about 5 x lo8 cells per 10' actinomycete cells. On the other hand, for the novobiocin-resistant strain about 1 x lo9 cells saturated A. viscosus, and the extent of coaggregation was reduced (Fig. 4) . The implication of these results in terms of binding data is that the mutant cells have fewer binding sites for the actinomycetes than do the wild-type cells, and thus form smaller and/or fewer clumps. Lactose-reversible coaggregation, which is exhibited by 80% of A. viscosus/S. sanguis pairs (reviewed by McIntire, 1985) , was shown both by the wild-type and NovR mutant strains. The NovR mutant/A. viscosus coaggregations were inhibited by the same sugars that inhibited the wild-type/A. viscosus coaggregations and at similar concentrations. It seems likely, therefore, that the lectin-carbohydrate interactions involved in coaggregation are unimpaired in the mutants.
There is evidence that the hydrophobicity of the bacterial cell surface is correlated with the ability of the cells to adhere to non-wettable surfaces (Kjelleberg, 1984) . Thus, the inability of the NovR mutant cells to adhere to polystyrene is probably related to their reduced hydrophobicity. There is conflicting evidence, however, on the role of hydrophobic interactions and cell-surface structures in adherence of streptococci to SHA and to actinomycetes. Cells of mutants of S. sanguis isolated by Gibbons et al. (19836) that were less hydrophobic than the parent strain lacked surface firnbriae and were impaired in adherence to SHA. However, FivesTaylor & Thompson (1985) isolated two adherence-defective mutants of S. sanguis that had apparently normal fimbriae. Handley et al. (1985) have correlated the presence of surface structures for several strains of S. sanguis with the abilities of the strains to coaggregate with A. viscosus. However, a large proportion of cells of some strains of S. sanguis did not have surface fibrils and yet the coaggregation scores for the strains were high. The results presented in this paper imply a possible role for hydrophobic interactions in coaggregation of S. sanguis with A . viscosus. Clearly, however, there are complex networks of interactions involved in adherence of S . sanguis cells, and to elucidate them it will be necessary to systematically identify and characterize individual surface components. 
